Abstract Using the digisonde data observed at ionospheric station Norilsk (Dip lat. 60 o N) in 2006, a statistical study on the characteristics of the ionospheric plasma total absorption of radio waves (IPTAR) was performed. In the winter and some months of equinox, the IPTAR mainly occurred in the nighttime and the highest occurrence rate could be up to 90%. In the summer, the occurrence was relatively low and the differences between nighttime and daytime occurrence reduced. The total duration of IPTAR seemed longer around the winter than that around the summer. The occurrence of IPTAR events ascended as the Kp index increased. The frequent precipitation of energetic particles into the ionospheric plasma in the auroral belt may be the main cause of the IPTAR events.
Introduction
The ionosphere is a good space plasma laboratory. The radio waves can be absorbed partially or totally in the ionospheric plasma. Appleton first found that the radar echo signal was often interrupted in the high latitude ionospheric plasma during great geomagnetic storms [1] . The ionospheric plasma absorption can be measured by several methods, such as pulse echo method (A1), riometer method (A2), and monitoring of HF continuous wave transmissions (A3).
Some authors studied the ionospheric plasma absorption with method A1 [2, 3] . Appleton and Piggot investigated the ionospheric plasma noon absorption at 4 MHz in UK [4] . Benkova studied the ionospheric plasma absorption at 2.2 MHz/3 MHz at high latitude [5] . Bremer et al. pointed out that the absorption weakened as the latitude lowered [6] . Method A2 is the major detection method for measuring the ionospheric plasma absorption [7−9] . Little et al. pointed out that the absorption at 30 MHz at high altitude mainly happened at D layer [10] . Method A3 can carry out continuous observation from low to high frequency band. Using the f min data, Kotadia et al. also studied the ionospheric plasma noon absorption at frequency of 1.8-3.0 MHz at high latitude [11] . Based on the results of frequencysweep tests, Ramanamurty et al reported that the absorption at low-frequency was stronger [12] . As for the ionospheric plasma total absorption of the radio waves, using method A1, Benkova found it correlated with magnetic activities [5] . Indeed, the digisonde with its sweeping frequency method can provide data in the frequency range from ionospheric f min to foF2 (critical frequency of F2 layer) to study the radio wave absorption as well as the ionospheric plasma properties [13, 14] . With the 1954 data obtained at College station in Alaska by an ionosonde (including a pulsed radar system which sweeps from 1-25 MHz), Little et al. reported that the ionospheric total absorption showed pronounced equinoctial maxima and was most prevalent during the daytime [10] . But later on, there is no report on the total absorption with the ionosonde data.
In this paper, the data of the digisonde measured at high-latitude Norilsk station were used to study the characteristics of ionospheric plasma total absorption of radio waves (IPTAR). The result shows that the IP-TAR was stronger and mainly occurred in the nighttime in equinox months and winter, and its occurrence ascended as the Kp index increased. The energetic particle precipitation in the ionospheric plasma in the auroral belt may be the main cause of the IPTAR.
Data presentation and method
In this paper, the ionospheric ionograms obtained by to statistically analyze the features of IPTAR in a high latitude region. If the ionospheric echoes in ionograms are diminished suddenly and thoroughly from low frequency to high frequency, and foF2 is larger than f min , according to the former or the latter ionograms, we would identify an occurrence of an IPTAR event. Fig. 1 shows an example of IPTAR in ionograms obtained at Norilsk station in the period of UT 0330-0515 on August 18, 2006. In Fig. 1 , the X-axis is the frequency of the radio wave and the Y -axis is the virtual height. We can see that the echo trace appeared in the ionogram at UT 0330, and the foF2 was about 5 MHz, larger than the f min . From UT 0345 to UT 0500, the echo trace totally disappeared. After that, the echo trace was restored in the ionogram at UT 0515. Also, the foF2 was about 5 MHz at UT 0515. Then, we can say that an IPTAR event was taking place from UT 0345 to UT 0500 and it lasted for 75 min.
It should be mentioned that, if foF2 is small, all parameters scaling from the ionogram will be replaced by the descriptive scaling letter B (UAG-23A), then the ionospheric echoes in the ionograms are diminished as well. This case has no relation to the IPTAR, and has been excluded in this study. The occurrence rate of IP-TAR is defined as the ratio of total duration of IPTAR at a given hour in a given month to the observed total duration. Also, the summer is defined as the period of May to August, equinox seasons defined as March, April, September and October, and winter is defined as the period of November, December, January, and February [12] .
Analysis and results
Fig . 2 shows the diurnal variation of occurrence rate of IPTAR at Norilsk station in 2006. The X-axis is local time, and the Y -axis is the occurrence rate. We can see that in January, the occurrence rate was almost above 40% in the period of LT 1900-0900 and below 10% in the period of LT 1000-1800. In February, the period of the higher occurrence rate (more than 50%) was in LT 2000-0800. The occurrence rate before midnight (after midnight) in February was less (more) than that in January and the maximum of the occurrence rate was more than 90%. In March, the period of the higher occurrence rate more than 50% was in LT 2200-0600. Moreover, the occurrence rate before midnight decreased further, but after midnight the occurrence rate maintained about 80%. From April to August, the nighttime occurrence rate fell while the daytime occurrence rate rose, and the occurrence rate in 24 hours was lower than 50%. In September, the occurrence rate after midnight increased again, whereas it decreased in daytime. In October, the daytime occurrence dropped obviously, and it increased greatly in the pre-midnight. The occurrence rate of IPTAR continued to increase in November and December. The occurrence rate rose above 60% in the period of LT 1800-0800 in November and this period extended to LT 1700-1000 in December.
We can get more properties of the IPTAR from Fig. 2 . The IPTAR at Norilsk station could occur at any period in each month in 2006, and the diurnal variation of IPTAR occurrence was obvious. The IPTAR mainly took place in the period of LT 1900-0800 during winter and equinoxes. Moreover, the occurrence rate in the nighttime was much higher than that in the daytime. However, in April and summer months, the occurrence rate of IPTAR was lower in nighttime and higher in daytime in comparison with other months. Thus the difference between the nighttime and daytime occurrence rates reduced. The diurnal variation of IP-TAR also implied that the noon IPTAR was stronger in summer than that in winter, which agreed with the results using A1/A3 method at high latitude [4, 11] . Fig. 3 shows the total duration of IPTAR at Norilsk station in each month in 2006. The X-axis is month and the Y -axis is the total duration. We can see that the total durations of IPTAR from January to March stayed about 290 hours. The total duration of IPTAR dropped below 200 hours in April and continuously dropped to about 150 hours in May. It remained 150 hours or so until July. Since August, it increased obviously until it reached the highest value in December. The total duration of IPTAR seemed longer around the winter than that around the summer. The total absorption at night was suggested to correlate with magnetic activities [5] . The geomagnetic activity dependence of the IPTAR was also investigated in this study. Fig. 4 shows the variations of IPTAR at Norilsk station with Kp index in 2006. In Fig. 4 the Xaxis is Kp and the Y -axis is the occurrence rate defined as the ratio of the sum of duration of IPTAR in all days at the given Kp to the sum of observed duration in all days at the same Kp value. From Fig. 4 we can see that, with Kp increasing from 1 to 4 the occurrence rate increased quickly from about 20% to 70%, then it increased slowly with increasing Kp, and became saturated (with 100% of occurrence) when Kp was equal or greater than 8. It shows that the IPTAR is monotonously increasing with the increase of geomagnetic activity.
Discussion
By using the data of the digisonde, we found that the noon IPTAR was stronger in summer than that in winter at high latitude, which agreed with the results obtained by Appleton and Piggot at 4 MHz in UK and by Kotadia et al at frequency of 1.8-3.0 MHz at high latitude for partial absorption using A1/A3 method [4, 11] . However, our results were at the frequencies from f min to foF2 and for total absorption.
As seen from the present results, the occurrence of IPTAR was higher in nighttime and showed maxima in winter and equinox months. It was obviously different from the results that the total absorption in the ionosphere over College station (mag. Lat. 75 o N) in Alaska was higher in daytime and only showed pronounced equinoctial maxima [10] . The difference of diurnal variation of IPTAR between the Norilsk and College stations may be due to their relative locations to the auroral belt. College station is commonly located at the polar cap under the auroral belt around noontime. At other times, it is still inside the polar cap but gradually moving farther from the auroral belt. However, Norilsk station is outside and near the auroral belt in daytime and often crosses the auroral belt in nighttime. According to Little's explanation, the absorption can be increased by increasing number of electrons [10] .
When the two stations are beneath the auroral belt, the energetic particles precipitation and collision with the neutral elements in the ionosphere can significantly increase ionospheric plasma absorption of radio waves including the IPTAR [15, 16] . Therefore, the higher occurrence of IPTAR in nighttime (daytime) at Norilsk (College) may be mainly caused by the more frequent particle precipitation in the auroral belt. The difference of the seasonal variation of IPTAR between the Norilsk and College stations may also be ascribed to a similar reason. The absorption was suggested to weaken as the latitude lowered [6] . However, in the high latitude region, the IPTAR seemed more dependent on the position of station with respect to the auroral belt.
We also used the particle flux data observed by DMSP satellite in 2006 to check the seasonal variation of the precipitation particle flux over Norilsk station. The precipitation particle flux became lower and lower from April to July, and got higher and higher from August to December over Norilsk station. The variation was well in accord with the variation of total duration of IPTAR shown in Fig. 3 . It further confirmed that the IPTAR over a certain station was closely related to the variation of the precipitation particles.
In general, the ionospheric phenomenon is concerned with the solar and geomagnetic activities [17] . Some authors have studied the total absorption at night with magnetic activities [5] . In Fig. 4 , the IPTAR occurrence over Norilsk ascended as the Kp index increased. In magnetic quiet time, Norilsk station is outside and near to the equatorward boundary of the auroral belt. However, with the Kp increasing, the auroral belt expands equatorward more frequently [18] , and Norilsk station will be close to and under the auroral belt more frequently. Therefore the IPTAR will be enhanced with increasing Kp since the precipitation particle flux increased in the auroral belt.
Conclusion
According to the ionograms detected by the DPS-4 digisonde at high-latitude Norilsk station in 2006, we statistically studied the properties of the diurnal and seasonal variations of the IPTAR occurrence over Norilsk station, and the correlation between the occurrence of the IPTAR and the geomagnetic Kp index.
The main results are as follows. (i) The IPTAR over Norilsk station can occur both in daytime and nighttime. In winter and some equinox months, the IPTAR occurrence was much higher in nighttime than that in daytime and its highest value could be up to 90%. From April to August, the nighttime occurrence rate fell and the daytime occurrence rate rose, the differences between nighttime and daytime occurrence reduced, and the occurrence rate in 24 hours was lower than 50%. (ii) The noon IPTAR was stronger in summer than that in winter. The IPTAR total duration over Norilsk station was higher from January to March. The total duration declined from April to July and ascended from August to December. (iii) The IPTAR occurrence ascended as the Kp index increased, and manifested "saturation effect" when Kp was equal to or larger than eight. (iv) The higher occurrence of IPTAR may mainly be caused by the frequent precipitation of energetic particles.
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